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ABSTRACT 
Stratigraphic simulation is a modelling technique which can be used for exploration 
purposes to understand the depositional geometries and architectures of a basin. It is a 
method where it can simulate realistic stratigraphic attributes using geologically 
reasonable values of selected process parameters. A study in understanding the 
evolution of stratal pattern in Malay Basin has been done using this forward 
simulation. It is to investigate the main factor that controls the sedimentation in the 
basin. From previous study using overpressure modelling, sedimentation rate has 
caused the compaction and subsidence in the basin as well controlled the architecture 
of the Malay Basin. Two dimensional forward modelling (SEDP AK) that developed 
by the Stratigraphic Modelling Group at the University of South Carolina is used to 
reconstruct a depositional history of the Malay Basin, in verifying that subsidence 
plays a major role in the development of the basin. It has been reconstructed with 
response to changing rates of tectonic movements/subsidence, eustasy and also 
sediment supply by using present day observed seismic stratigraphic section. The 
input value for the parameters in this trial-an-error process are manipulated by 
logic/rules and iteratively corrected until there was an agreement between modelling 
results and the observed geometries in the seismic cross sections. As a result, the 
stratal geometries have been created using simulation technique are comparable to the 
observed data where the most controlling factor of this basin's stratal pattern 
development is subsidence. This simulation also revealed the differential subsidence 
produce different system tract because it achieved to demonstrate that reactivation of 
a normal fault has created an accommodation space for deposition of the lowstand fan 
system. It is important to understand the controlling factors of sequence development 
of this basin because enable us to predict possible target play. However, there is 
limitation in using the program such that is only as good as assumptions that go into it 
and encompass preconceived concepts and biases of designer. 
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CHAPTER ONE : INTRODUCTION 
1.1 PROJECT BRIEF 
Since the mid-1970s, computer-based stratigraphic models have increased in number, 
diversity, and robustness. There is a variety of models for different applications, 
especially forward models. Stratigraphic forward modelling attempts to simulate 
realistic stratigraphic geometries using geologically reasonable process parameters. 
SEDPAK provides a conceptual framework for modelling the sedimentary fill 
of the basins by visualising stratal geometries as they are produced between sequence 
boundaries. Therefore, it may model and reconstruct the basin with a response to 
changing rates of tectonic movements, eustasy and also sedimentation. Nevertheless, 
we have to assume behaviour of the stratigraphic process which responds to the 
system being modelled and employ algorithms and mathematical simplifications to 
simulate the assumed behaviour. The input values in this trial-and-error process are 
manipulated by logic/rules and iteratively corrected until there was agreement 
between the modelling results and the observed geometries in seismic cross sections. 
The main objective of this study is to demonstrate the applicability and 
benefits of computer modelling technique in analyzing and visualizing the major 










Fig. 1.1 Location of study area (Northern part of Malay Basin). 
1.2 OBJECTIVES 
2 
In this study, the sequence stratigraphic simulator (SEDP AK) is used to reconstruct 
the depositional history of the Malay Basin. A 200-km-width cross section across the 
north part of Malay Basin (Fig. 1.1) was modelled for the last 32Ma of basin history 
at a time resolution of 0.5Ma and a spatial resolution of 2km. The main objective in 
this study is to investigate the main factor that controls the sedimentation in this basin. 
This study also investigates the effect of faulting on stratal development 
during the deposition of the Group K Lowstand sequence. 
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CHAPTER TWO: LITERATURE REVIEW 
2.1 MALAY BASIN 
2.1.1 Geology of Malay Basin 
The Malay Basin is located in the southern part of the Gulf of Thailand, between 
Vietnam and Peninsular Malaysia. It is a northwest-trending elongate basin about 
500km long and more than 200km wide. It is underlain by a pre-Tertiary basement of 
metamorphic, igneous and sedimentary rocks which contains over 12km or more of 
Oligocene to Recent sediments (Mazlan Madan, 1999). This basin consists of two 
parts; the southern part has a NW structural trend while the northern part has 
northerly-trending structures. It is slightly asymmetrical; the southwest margin is 
slightly steeper than the northeast one which resulted from highly faulted nature of the 
western hinge zone (Tjia, 1994). This basin is separated from the Penyu Basin by the 
Tenggol Arch (a shallow basement area generally at a depth of about 1.5km below the 
sea level) (Mazlan Madan, 1999). 
The initial basin geometry is half-grabens associated with the crustal extension. 
The basin originated by extension during the Late Eocene-Early Oligocene times, 
probably along a major left-lateral shear-zone and subsequently by thermal 
subsidence during the Miocene to Recent (Mazlan Madan et al., 1999). Crustal 
extension is a normal consequence of thinning or extension at a lithospheric scale, 
which is often manifested in anomalous heat flow that is equal to the present day heat 
t1ow which is 80-1 OOm W/m2 (Mazlan Madan, 1997). Gravity modelling has indicated 
that the Malay Basin is not a purely extensional basin; its development may have 
involved a significant strike-slip component of extension (Mazlan Madan, 1996; 
Mazlan Madan and Watts, 1998). Small pull-apart half-grabens also occur on the 
flexural margins ofthe basin (Liew, 1994) due to the strike-slip. 
Evolution of the basin can be described in terms of two phases of development: 
syn-rift and post-rift. The syn-rift phase (during the Oligocene) occurred during active 
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faulting and extension of the basin as it opened. This syn-rift basin is overlain by a 
broad sag basin characterised by stratigraphic onlap onto the basin margins, which is 
produced by thermal subsidence and sediment loading (Watts et a/., 1982). The rift-
sag basin geometry of the Malay Basin is typical of basins formed by lithospheric 
stretching (Mazlan Madon, 1999). 
The post-rift phase (early Miocene and later) occurred when extensional 
faulting had ceased and the basin continued to subside under the load of sediment and 
the cooling lithosphere. The thermal subsidence that characterised the post-rift 
resulted in a broad sagging of the basin, which was interrupted/imprinted upon by a 
major phase of basin inversion, during early to middle Miocene. This event was 
brought about by the re-activation of the Malay Basin axial shear zone, from left-
lateral to right-lateral during middle Miocene. Basin inversion is thought to have 
resulted from a dextral shear regime following a change in the regional stress field 
(Tjia and Liew, 1996; Mazlan Madon, 1997a). It also had resulted in the major 
anticlinal structures that trap large amounts of oil and gas in the basin. 
2.1.2 Stratigraphy of Malay Basin 
The sedimentary succession is subdivided into seismic stratigraphic units that are 
referred to as "groups". These groups are labelled alphabetically, in order of 
increasing ages, from A down toM using Esso's stratigraphic nomenclature (Fig. 2.1). 
The unit is seismically defined packages of strata which is bounded by unconformity 
or sequence boundary. The stratigraphic development of the Malay Basin is directly 
related to its structural evolution that occurred in three phases: (I) A pre-Miocene 
(Oligocene or possibly earlier) extensional or syn-rift phase, (2) An Early to Middle 
Miocene thermal/tectonic subsidence phase, which was accompanied by basin 
inversion, and (3) A Late Miocene-Quarternary subsidence phase, which represents a 
tectonically quiescent period. During extensional phase of basin development, the 
subsidence was controlled by faulting. Sedimentation in isolated half-graben 
depocenters deposited thick syn-rift successions of alternating sand-dominated and 
shale-dominated, fluviolacustrine sequences. Groups M to K, which fill the 
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extensional basin show increasing lacustrine int1uence towards the basin centre 
(Mohd Tahir Ismail et al., 1994). 
The depositions of Group L to D are due to thermal subsidence. The basin 
probably at or near sea level by Early Miocene times, as indicated by the abundance 
of coal-bearing strata in the succession. The thermal subsidence was then 
accompanied by compressional deformation that initiated local inversion of half-
grabens by re-activation of their bounding faults, and a major uplift in the 
southeastern part of the basin. The Late Miocene to Quarternary was a phase of gentle 
subsidence without significant tectonic activity. Fully open-marine conditions were 
established only during this phase. The resulting strata, overlain the undeformed 
marine sediment of Groups A and B. 
LITHOLOGY I FACIES 
Arter EPIC. 1994 
Fig. 2.1 Esso' s stratigraphic nomenclature and its sequence stratigraphic 
significance. From EPIC, 1994. 
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2.1.3 Sea-Level Changes 
Global eustasy is thought to have played a major role in controlling the sedimentation 
and the stratigraphic development of the Malay Basin. Eustatic sea level changes 
affect the available accommodation space for sedimentation (Fig. 2.2). 
During deposition of Group L shale, the sea level was on the rise. Paleo-water 
depth at the time of deposition of Group K is in the order of 350m, which is 








GLOBAL EUSTATIC CURVES 
Fig. 2.2 Stratigraphic zonation scheme for the North Malay Basin used in the study, 
and its relationship to the main tectonic phases and global eustatic sea level. 





Sequence stratigraphy is the study of rock relationships within a chronostratigraphic 
framework of genetically related packages of strata that express particular parts of the 
geological history and which are bounded by identifiable and mapable unconformities 
and/or conformities (Van Wagoner, 1990). 
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Sequence stratigraphy represents, the development of the well-known concept of 
transgressive-regressive cycles. A cycle comprises the strata deposited in a basin 
between the beginnings of two successive marine transgressions and is bounded at 
least near the edge of a basin, by unconformities at its base and top. 
2.2.1 Controls of Sequence Stratigraphy 
The development of sequence geometries depends upon tectonic setting, sediment 
supply and sea-level fluctuation. 
1. Tectonic setting: The mechanism of tectonic settings as a control of basin 
formation includes two main processes which are uplift and subsidence. 
Both these processes are important to distinguish different types of 
sedimentary basins such as; 
a) Rift basins that are formed by lithospheric stretching. This type of 
basin is usually related to the increasing of heat flow from the mantle. 
a) Foreland basins are created by the collision of two continents that 
generally create orogenic belts or mountain belts. The basin is 
generated in front of the topographic high. 
b) ·'Pull-apart" basins are associated with strike-slip deformation. These 
kinds of basins are produced when two crustal blocks slide against 
each other. They are smaller and more complex than rifts, passive 
margins, and foreland basins (Allen eta!., 1990). 
11. Sediment supply: Rocks from positive crustal topography will undergo 
mechanical weathering, eroded and later transported into the basin. The rate 
of sediment supply into a basin 1s controlled by topographic, 
climate/vegetation, and oceanographic factors. 
iii. Sea-level fluctuation: Sea-level fluctuations play an important role in 
controlling the pattern of sedimentation in a basin such as the stratal pattern 
and termination (onlap, downlap and toplap). Any changes in relative sea 
level will affect the available accommodation space for sediment deposition. 
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2.2.2 Sequence Development and Geometry 
The sequence is divided by systems tracts. A systems tract is genetically associated 
stratigraphic units that are deposited during specific phases of the relative sea-level 
cycle (Posamentier et al, 1988). These units are represented in the rock records as 
three dimensional facies assemblages. They are defined by the basis bounding 
surfaces, position within a sequence, and parasequence stacking pattern (Van 
Wagoner et a!., 1988). The three main systems tracts being recognized as shown in 
the Fig. 2.3 are; 
1. Lowstand System Tract (LST) 
11. Highstand System Tract (HST) 
iii. Transgressive System Tract (TST) 
Lowstand System Tract (LST) 
Deposition is accumulated after the onset of relative sea level rise and/or tectonic 
uplift also with increasing accommodation. Prograding lowstand clinoforms formed 
and are capped by topset layers that onlap, aggrade, become thicker upward and 
landward and sediments begins to onlap onto the basin margin or onto the prograding 
clinoforms below the shelf break. 
Highstand System Tract (HST) 
The progradational deposits form when sediment accumulation rates exceed the rate 
of increase in accommodation space. This systems tract is capped by a sequence 
boundary. The geometry is prograding highstand clinoforms develop capped by 










Maximum flooding surface (MFS) 
Trnngressive sLJrface (TS) 
Sequence boundary 
unconformity (SB) 
Trarlsgr.essive S. T. 
Fig. 2.3 IIIrd order depositional sequence model (Van Wagoner et al., 1988). 
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Transgressive System Tract (TST) 
It is associated with a rapid sea level rise above the shelf margin which occurs when 
eustasy begins to rise rapidly, exceeding the effect of any tectonic uplift. The TST lies 
directly on the transgressive surface (TS) which is formed when the sediments onlap 
the underlying LST and is overlain by the maximum flooding surface (MFS) that is 
formed when marine sediments reach their most landward position. 
The working procedure of sequence stratigraphy is essential in understanding 
how successions of reservoir rocks have been deposited. The method provides a 
constant framework of interpreting basin fills and this becomes a useful guidance for 
hydrocarbon prediction in new areas. 
2.3 STRATIGRAPHIC SIMULATION 
Stratigraphic simulation is a modelling technique which can be used for exploration 
purposes to understand the depositional geometries and architectures of a basin. This 
method provides a globally accessible platform in understanding the complexities of 
sequence stratigraphy. Stratigraphic simulation studies commonly present their 'best-
guess' output, without showing the associated uncertainty (I. Overeem et al., 2005). 
This method is based on a probabilistic process that integrates the 
uncertainties dimension of the studied case, can be used to perform risk analysis. The 
final output of this simulation or estimation product will be compared with the reality 
data from well and seismic data. Stratigraphic simulation can be carried out either in 
forward technique or in inverse technique. Inverse technique usually required the 
component of forward model as an input together with an observation data. 
2.3.1 Forward Stratigraphic Simulation Application 
Most stratigraphic simulation techniques use a "forward modelling", m which the 
basin stratigraphic development is simulated using a set of pre-determined parameters, 
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such as basin topography, water depth, sea-level change, and sediment influx into the 
basin. This method allows the users to model stratal pattern in various tectonic 
settings s such as in passive margin, foreland basin, fore arc basin, remnant ocean 
basin, growth faulting and salt diapir (Bowman eta/., 2002). 
Forward stratigraphic simulation can enhance biostratigraphic interpretation as 
it provides age constraints for stratal geometries and sequence stratigraphic 
interpretation. This may lead to a systematic prediction of other geological aspects 
such as the identification of source rocks, seals, and reservoirs, and then lead to the 
identification of new reservoirs within oil and gas fields. 
The forward stratigraphic simulation allows us to investigate the key factors 
that control the sedimentations of a basin and assist us in inferring the potential for 
hydrocarbon entrapment and accumulation within the basin. So that, the time required 
to do well and seismic interpretations can be reduced since the simulation can identify 
those key factors. This is possible since forward stratigraphic modelling can be 
applied for predicting the depositional history of an existing basin that requires many 
geologic observations. This can provide better understanding of many controlling 
factors for sedimentation of a basin and also illustrate the porosity distribution and the 
quality of seals (Bowman, 2002). 
The model was constrained by many geologic observations; (I )depth-
converted seismically defined sequence boundary geometries, (2)sequence boundary 
ages from biostratigraphy calibrated to the geologic time scale, (3)paleo-water depth 
profiles derived from biostratigraphy, (4)lithology distribution defined in well logs, 
and (S)sand distribution interpreted from seismic character variations. 
2.3.2 Examples of Stratigraphic Simulation Techniques 
There are many available software packages can be found m the market for 
stratigraphic simulation. They provide an independent test for working hypothesis on 
the development of sequences and give the possibility to quantify the importance of 
controlling factors either in forward or inverse techniques. Not only 1 D and 2D, but 
II 
also 3D stratigraphic simulation techniques are widely used in oil and gas industry. 
For examples; 
1. lD: The lD Shelf Model (CSMlD), etc. 
tt. 2D: The 2D Nonmarine to Shelf Model (CSM2D), SEDPAK, etc. 
iii. 3D: The 3D Carbonate Model (CSN Carbsim), 3D Deepwater Model (CSM 
Turbism), PHIL Model, DIONISOS Model, SEDSIM Model, etc. 
2.3.3 SEDP AK 
SEDP AK is a forward stratigraphic modelling program which has been developed at 
the University of South Carolina. It produces an empirical model that honours mass 
conservation. SEDP AK is a program that provides a conceptual framework for the 
sedimentary fills of the basin based on geometric rules that govern gradients and 
stacking patterns of sedimentary strata (K. Liu et al., 1998). In addition, SEDP AK is a 
freeware program which runs on LINUX workstation. In this project, SEDP AK has 
been chosen to simulate the sequence stratigraphy of Malay Basin because it is easy to 
use and can be downloaded without any cost from University of South Carolina's 
website. 
The simulation allows geoscientist to track the evolution of the sedimentary 
till of a basin by considering principally four major geological factors; eustasy, 
tectonic movement, sediment accumulation, and the initial and evolving basin 
geometry. The program replicates stratal geometries that match those seen in the 
sequences of seismic cross sections (Strobel et al., 1989; Kendall et. al., 1991 ). 
Besides these main factors, SEDP AK also models additional influences on sediment 
geometries including water depth, erosion of previously deposited sediments, faulting, 
compaction of sediments, and the isostatic responses of the basin to sediment loading 
(Ku Rafidah and Mazlan Madon, 2007). 
Using SEDPAK, we can visualize and analyze different sequence stratigraphy 
geometries in different depositional environment. It displays the stratigraphic 
sedimentary geometries of a basin in 2-D for both clastic and carbonate deposition as 
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these evolve the response to the variation of (1) eustasy, (2) rates of sediment supply, 
and (3) tectonic movement (subsidence and/or uplift and/or faulting). This method 
also provides the illustration of the relationship between sequences and system tracts 
observed in cores, outcrop, well and seismic data (Kendall eta!., 2003). Beside that, it 
is able to define the chronostratigraphic framework for the deposited sediments. 
The SEDP AK simulation is initiated by determining the most reasonable 
initial shape for the basin and its subsidence history. Subsidence is determined by 
tracking the behaviour of the lowest surface of interest in the basin through time. 
These varying subsidence or uplift rates are then input for specific locations and times. 
The gross sedimentary geometries from seismic and/or cross sections are visually 
matched with simulation outputs by iteratively modifying parameters such as rate of 
sediment input, distance of sediment transport into the basin, position of wave base, 
and position (or offset) of the sea level curve with respect to the basin surface 
(Kendall eta!., 2003). 
A few assumptions in SEDPAK algorithms are (Kendall et al., 2003); 
1. Controlling factors such as sea level position, tectonic movement and 
sedimentation all vary independently. 
11. Tectonic movement, is only modelled vertically, and it is a combined effects 
of crustal cooling and the isostatic response to sediment loading. 
111. Subsidence due to compaction and tectonic are handled separately. 
IV. Clastics deposition is assumed to occur before carbonate deposition and the 
sediments are deposited as lithologic ratios (i.e sand-shale ratios). 
v. Clastic sediments first fill the accommodation on the shelf landward of the 
bayline break (Posamentier and Vail, 1988) as alluvium and shallow marine 
sediments. Sediment is then deposited in the submarine environment 
downslope from the bayline break to a prescribed distance on the underlying 
surfaces that are inclined below a specified angle. 
VI. Simultaneous with deposition, sediment can be eroded and added to the 
sediment supply to be deposited further into the basin. 
v11. Benthic carbonates accumulation is a function of water depth and time. 
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viii. SEDPAK creates a 2D grid of data values by linearly interpolating between 
the input values and extrapolating from the intermediate input values, if the 
start or end values are undefined. This is true of all time and location data. 
SEDP AK uses forward modelling techniques and operates in equally spaced 
time steps on a two-dimensional cross section that is divided into columns of equal 
widths. The user enters the initial and time varying parameters. The values of these 
parameters are important to the quality of the simulation therefore need to define them 
carefullly. SEDPAK reads the parameters and generates sedimentary geometries 
according to depositional and erosional rules. 
Stratigraphic forward models have inherent limitations m practical 
applications that cannot reproduce the stratigraphy of a basin other than through 
tedious, unreliable trial-and-error simulations. In trial-and-error simulations, values of 
process parameters are adjusted and evaluated by the interpreter, and a reference that 
a correct or close simulation has been achieved is based upon visual comparison with 
an already described stratigraphy. Usually the visual comparison is made of geometric 
stratigraphic attributes, which we have found is highly inaccurate, and unreliable 
(Lerche and Lessenger, 1998). 
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CHAPTERTHREE:METHODOLOGY 
There are two major components (Fig. 3.1) in completing a forward model simulation; 
(I) a stratigraphic forward model, and (2) observations model. In component ( 1 ), 
forward model simulates stratigraphy using a set of user-defined parameters (e.g., 
eustasy, tectonic movement, sediment supply, and etc.) with user defined values for 
those processes. The input values of the processes are manipulated by logic and/or 
rules which describe the behaviour (process-response interactions) of the forward 
model parameters. The logic and rules are derived from an assumed behaviour of the 
stratigraphic process-response system of natural world. 
The stratigraphic data was used as the second component in this simulation. 
This data was observed from seismic stratigraphic interpretation. As in step one, 
observed data will be used as an initial guess for values of forward model parameters. 







\ \\ Component 
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Fig 3.1. The two components and flow of a stratigraphic forward model. 
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In step (2), using SEDPAK as the simulator, the data that had been collected 
from observation and knowledge of the basin will be used as the input in simulation 
process. The SEDP AK forward modelling routine allows the user to change the size 
of the geological controls (e.g., rates of change of sea-level, tectonic movement and 
sediment supply) responsible for observed stratal geometries. The eventual size of the 
parameters input to the program is determined by an iterative scheme of a trial-an-
error where input parameters are iteratively and systematically corrected until there 
was agreement between the modelling result and the observed geometry. 
3.1 SEISMIC SECTION 
Seismic section of RC93-0 11 that cross the northern Malay Basin has been chosen to 
be interpreted as an observed data to be compared with the end simulation result. The 
seismic section was in two-way-time and later was converted to depth using well data 
that available for this cross section. It is 154km wide and the deepest is approximately 
7km in the centre of the basin (Fig.3.2). This rift basin is highly faulted due to 
extensional and thermal subsidence. Stratigraphic unit is defined by taking only 
essential requirements which is the major sequence boundary due to time constraint. It 
is the strata in all facies tracts which are assigned to a stratigraphic unit accumulated 
within the time boundaries of the unit. Stratigraphic subdivision was based on the 
Esso Production Inc. (EPMI) "group" scheme. Thus, from the seismic section, all 
units have been defined from group M to A. So, this cross section will be the basis for 
getting the input value for simulation process. For example, subsidence rate was 
calculated from this seismic section where the thickness of unit was divided by time 
interval of deposition. 
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Fig. 3.2 North Malay Basin regional seismic line (RC93-0 II) showing the main 
structural elements and architecture of the basin. 
3.2 FORWARD SIMULATION USING SEDPAK 
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First, the initial condition of the basin was defined in SEDPAK. This was done based 
on information gathered from literature review. In forward modelling, we have to 
assume the relevant start time of simulation which means as well as defining the 
starting time for the development of the basin. For this basin, it was assumed that the 
deposition of sediment in the basin started at 32Ma ago, and it lasted until now. The 
temporal and spatial resolution for the basin was also determined. This simulation 
incluing parameters of compaction and subsidence. 
The basin surface at the beginning of deposition was created to determine the 
geometry of the basin. After that, we have to set the sea level position and also 
defined the sediment supply rate. Finally, it was essential to apply the subsidence rate 
for the basin. 
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This procedure (Fig. 3.3) will be repeated by changing the value of the 
parameters involved until the best fit is achieved between the model end result and the 
present day observations. The cross section simulated for this basin was based on 
North Malay Basin regional seismic line RC93-0JI. 
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Fig. 3.3 Flow chart of SEDP AK forward modelling process (after Liu et al., 1998). 
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3.3 SIMULATION PARAMETERS 
3.3.1 Initial Condition Setup 
This two-dimensional graphical simulation is set up to start at 32Ma ago until OMa. 
The section is about 200km long with spatial resolution of 2km and temporal 
resolution of 0.5Ma. The vertical exaggeration is 1: 22.22 where the y-axis is set up to 
be 9000m compared to 200000m for x-axis. 
3.3.2 Paleobathymetry I Basin Surface 
Due to extensional, a rifted basin with sediment overlain on the pre-Tertiary basement 
of metamorphic and igneous rock has been formed. The geometry of this basin is a 
graben simulating the depocenter and horsts adjacent to it. Therefore, the basin 
surface geometry was assumed to be similar to this top basement geometry. The 
elevation of the basin surface (Fig.3.5) during initial runs of the simulation was 
derived with uncertainty of+/- 200m (Higgs, 1999). 
3.3.3 Sea-level Curves 
Reconstruction of the paleo sea-level in this basin was a challenging task since there 
was limited data could be gathered from literature review. With respect to the eustatic 
curve by Hag et al. (1987), the approximation for sea-level curves was created which 
the sea-level oscillation was within 1OOm (Fig. 3.6). The values of sea level for each 
time step must intersect with the evolving initial basin surface somewhere within the 
cross section because if a shoreline does not exist, a Shore Error will occur. 
3.3.4 Sediment Supply 
lt is assumed that sediments were deposited from two sources. The sediments come 
from opposite directions and the rates of sediment supply are equal for both directions 
(Fig. 3.7). Sediments are assumed to be 55% shale and 45% sand. 
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3.3.5 Subsidence 
Subsidence behaviour can be determined from burial and crustal subsidence curves or 
trom seismic data and can be input directly into the simulation (Kendall et al., 2003). 
In this study, subsidence was calculated from observed seismic data where the 
subsidence rate was defined in m/Ka. What has been calculated from the seismic line 
is actually the sedimentation rate but it is referred as the subsidence rate in this study. 
This is because sedimentation rate has influenced the subsidence and controlled the 
compaction and stratigraphic development in Malay Basin. 
SEDP AK will interpolate linearly the subsidence rate between two points. So, 
to create as close as to the 'real-world' data, it is necessary to add as many as 
subsidence locations to remove the hinge effect. For modelling the north Malay Basin. 
16 different locations have been selected due to geometry changed at both flanks and 
centre of this rift basin. Another additional two locations have been added in creating 
the model with fault effect. Sedimentation rate varied through time where it was high 
at the early ages during deposition syn-rift sediment and decrease during deposition of 
post-rift sedimentation and keep decreasing until present day (Fig. 3.8). 
3.3.5.1 Faulting 
According to Kendall el al. (2003) in SEDPAK manual, faults are modelled by 
assuming different rates of subsidence between two adjacent columns. The x-
locations which have different rates of movement must be at least within a column 
width, as the program rounds off to next adjacent column. 
For this simulation, fault timing and location were determined from seismic 
cross section RC93-0ll. As this fault is a normal fault, subsidence rate for two 
adjacent columns of the hanging wall and foot wall has been computed. The fault is 
extended to the bottom of the basin but not continuous until top the basin. In 
SEDP AK, subsidence points must be defined on either side of a fault because, without 
them, SEDP AK would interpolate linearly between the differing subsidence rates at 
the fault and the result would be more ramp (Kendall et al., 2003). The two points on 
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either side of the fault should be set as close together as possible without causing a 
space-aliasing error. 
In this study, the simulation involved with faulting where it occurred at 
location 125km. At time about 25Ma ago, the Teratai Fault has been reactivated. 
Therefore, at time of 25Ma, the upthrown block at Teratai Fault is caused to subside 
more slowly then the downthrown block to the left, and created an accommodation 
space in the graben for deposition ofK-fan lacustrine as shown in Fig. 3.4. 
- Lowstand deposits 
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Fig. 3.4 Seismic section and illustration showing close up view of Lowstand K-Fan 
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Fig. 3.6 Sea-level fluctuation in Malay Basin based on the eustatic curve by Haq et al. 
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Fig. 3. 7 Clastic supply was assumed to come from two sources that were from right 
and left of the basin. The rate of sediment supply was thought to be equal for both 
sides. 
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Fig. 3.8 Subsidence of 16 different locations in northern Malay Basin were assumed 
to be influenced by sedimentation accumulation rate where it was calculated by 




Three best results have been finalized from this simulation process. These models are 
the result from replication of the observed data which is the interpreted RC93-0 II 
seismic line cross-section. The objective of the simulation is to investigate between 
two cases: which one with simple subsidence without fault and the second one a 
normal fault has been added on the eastern margin. This is to investigate and to 
visualise the effect of subsidence created by normal fault on stratal geometries in the 
basin. For the third model, a replication of the observed data is done by complicating 
the basin with another three more faults (major fault) in the western margin and also 
at the depocenter of the basin. 
As a result, from experiencing the trial-an-error process to match with the 
·real-world' data, an understanding on how the development of stratigraphic unit in 
this basin is gained. Based on previous study from Mazlan Madan (2007) in 
overpressure development in rift basin (Malay Basin), it was suggested that 
sedimentation accumulation rate influenced the subsidence rate in this basin where the 
thickness represented how much subsidence occur within the time interval. Therefore, 
the subsidence rate input data in this simulation process was calculated as 
sedimentation accumulation rate based on observed seismic cross-section. As a result, 
simulation models are comparable and similar to the seismic section, especially the 
model that has been built with presence of the normal fault. 
In the literature, we knew that groups M to K fllled the extensional basin after 
rifting episode. While thermal subsidence resulted in the deposition of groups L to D. 
Adjacent to that was uplifting due to basin inversion. Thus, from both models, it has 
been identified that subsidence has stronger effect on sequence development in the 
basin. Comparing both simulation models (Fig. 4.1 ), it can be said that not only 
sedimentation rate controls the subsidence but also the existence of the fault has given 
an impact on stratigraphic architecture of the basin. This is proved by the model with 
Teratai Fault because different thickness of group K unit can be observed between 
upthrown and downthrown block. This shows that reactivation of this Teratai Fault 
has created an accommodation space for deposition of the Lowstand Fan system (K-
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Fan). This is because, during that time, the Raya and Dahlia-Pakma half-grabens were 
inactive; the northeastern ramp was gently subsiding in response to post-rift thermal 
relaxation. Then the movement on the Teratai fault has created accommodation space 
for sediments to be deposited during relative base-level fall at the end of Group L 
time, to deposit the lowstand fan system. Although detailed system tracts are not able 
to be viewed but comparatively it can be seen that this model is similar to the 'real-
world' situation than the model without fault. 
Due to rifting, the basin surface is asymmetrical (horst and graben) and group 
M to K infilled the extensional basin. Adjacent to that, subsidence was high until past 
15Ma as it can be observed in the first model which is similar to what we can see in 
the present day seismic cross-section. From geological sense, rift basin has lower 
subsidence rate at the flanks than the subsidence in the centre of the basin. This shows 
why the thickness of the sediments increase towards the basin centre (Fig. 4.5). At the 
t1ank, the aggradational pattern is observed but towards the basin centre from both 
t1anks, and then the pattern changes to progradation. The thickness of M unit is not 
constant because it infill the rifted basin. Relatively to others, where sedimentation 
seems constantly prograde towards the centre of the basin. 
For the model without the fault (Fig. 4.4), during syn-rift stage, the subsidence 
rate is very high but decreases during post-rift stage. The subsidence is still high due 
to sediment load from above. Sediment influx is equal from both sides of the basin. 
So, the subsidence is influenced from compaction and sediment load from above. The 
succession of all units is constant in thickness (sagging pattern) with the time interval 
except for unit D, which the sedimentation rate and the subsidence rate are higher 
than others. This is shown by thicker sediment with time interval of 0.5Ma for unit D. 
Rapid subsidence of this unit was not able to be simulated in this program because the 
simulation was taking into account the time interval that was set to 0.5Ma for input 
parameters of modelling run. So that, a layer represented a time step in this simulation. 
The stratigraphic evolution of these two models were reconstructed by using 
the successive snapshots shown in Fig. 4.2 and Fig. 4.3. 
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In order to replicate the observed seismic data, another three more major fault 
have been added in the west margin towards the basin centre for the third model 
(Fig.4.6). The limitation in SEDP AK is that, it can only model vertical faulting but in 
the 'real-world' data, the fault are slightly dipping towards the basin. Hence, the 
output model is not likely as desired output stratal geometries because the effect of 
vertical fault and dipping fault on 'real-world' data can be different on the 
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CHAPTER FIVE : DISCUSSION AND CONCLUSION 
The stratigraphic modelling of basin fill geometries requires the identification of the 
response of the interaction among tectonic movement, eustatic sea level position, and 
rates of sediment supply. The stratigraphic modelling output by computer simulation 
has produced an agreement with the stratigraphic interpretation of seismic section and 
helps quantifying the parameters that control sedimentary facies and stratal geometry. 
The simulation output provides graphical information on the evolving 
geometry of individual 11 sequences of the interpreted seismic profile during the 
accumulation of each sequence. Besides, it also provides an understanding of the 
burial history of individual layers and the evolution of complex sedimentary 
configuration. 
The key constraints to the sedimentary fill from 32Ma ago until present day 
are subsidence from sedimentation accumulation rate and subsidence produced by the 
local normal faulting where these subsidence play more dominant role than sediment 
supply and sea level changes. Subsidence that is responsible for development of 
stratal pattern in this basin was mainly controlled by the accumulation rate of 
sediment supply. The sediment supply rate that is used as simulation input only 
represents the amount of sediments that accumulated just inside the simulation area. 
The prograding sedimentary layers to the simulation area from outside may have 
caused an increase in the sediment input even if there was the same amount of 
sediment input basin-wide. 
Stratigraphic simulation experiments on model sections have revealed that 
differential subsidence produce different system tracts. Hence, using SEDP AK as 
computer simulator achieved to prove that the reactivation of the Teratai Fault played 
the most important role in sequence development of the north Malay Basin. From the 
exploration perspective, it is important to understand the controlling factors of 
sequence development of this basin because it enables us to predict possible targeted 
play. As for this North Malay Basin, the group K progradational complex is believed 
to be a possible target, both as structural and stratigraphic traps. 
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In conclusion, this proves that computer modelling technique is a helpful tool 
in analyzing and visualizing the major factors that control the sequence development. 
Besides, it can be good practical learning tools for students and young geologists in 
understanding and imagining the development of stratal pattern in the basin. However, 
there is limitation in using the program such that is only as good as assumptions that 
go into it and encompass preconceived concepts and biases of designer. 
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APPENDIX: INPUT VALUE FOR PARAMETERS IN 
SIMULATION PROCESS 
Initial setup for running the simulation 
Start Time ( -Ma) Stop Time ( -Ma) 
Dunlion of Time Step Number of Time Steps 
X-Axis Left (+/-km) X -Axis Right ( +/-km) 
Width of Column ( +km) Number of Columns 
Top Elevation (+1-m) Bottom Elevation ( +/-m) 
Sea Level Offset ( +/-m) :~ .000000 Wave Base ( -m) :\-100.000000 
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Input tor Basin Surface at 32Ma in function of distance and depth 
-32.0000 
0.0000 








3 31.4834 -54.6667 
4 47.4425 -55.0556 
5 60.3325 -75.6667 
6 92.2506 -86.9444 












1? I Ff .• fll !IJit, ••. t .. '':v .~''!f'h. 
I 
I Cell value I jl. .0000 : r,,: I . .a tr~· . 
~ff:~or I ~'lfcffio~s~~1 ''Ciid"e~irj. y ',Jii>fnt · ' I 
,''2 l>'k'' •. ,,.1 :'''lt'~}lly · ··t ·· "ciiiitl , ·1 















Subsidence values at specified locations as a function of time 
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-13.5000 -0.0070 -0.0676 -0.0946 -0.0680 -0.2030 -0.2030 -0.2030 -0.2030 -0.2100 -0.2200 -0.2030 -0.2030 -0.1350 -0.1350 -0.1350 -0.1350 -0.1350 -0.0010 
-12.5000 -0.0050 -0.1149 -0.1211 -0.1690 -0. 2370 -0. 2370 -0. 2310 -0. 2370 -0.2310 -0. 2310 -0.2370 -0.2054 -0.1690 -0.1690 -0.1350 -0.1350 -0.1350 -0.0050 
-10.5000 -0.0022 -0.0300 -0.0451 -0.0600 -0.0600 -0.0600 -0.0600 -0.0600 -0.0600 -0.0600 -0.0600 -0.0550 -0.0600 -0.0450 -0.0450 -0.0450 -0.0300 -0.0022 
-6.0000 0.0000 -0.0406 -0.0563 -0.0450 -0.0450 -0.0450 -0.0560 -0.0560 -0.0560 -0.0560 -0.0560 -0.0500 -0.0560 -0.0560 -0.0560 -0.0560 -0.0450 0. 0000 
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Overburden parameters (default) 
I ~=:o~~~,M~ h~ . 
Shllle Density I t:~!~?.~,., .. 
Carllonate Density 1:~.650000 
'S%"'1::11-~'-a;., . .;.,.,""';._,, . -w· , .• I p.JOOOOO . 
;,.:'=Trt:W~ -#lll;·Wliil.;·.-·~;;i;·~ill;~':'·"';;.;:' "';:;.=--'"''' -"'""....:.J·· :z-l:~!~~c~~l 
., '/ 
40 
